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An automated procedure for photometric titration of red wine and associated instrumentation is described. The procedure was
based on the ﬂow-batch approach implemented employing multicommutation. The photometric detection was carried out using
a homemade LED-based photometer. The mixing device, LED, and photodetector were attached to the titration chamber in order
to form a compact and small-sized unit. The ﬂow system comprised an automatic injector and three-way solenoid valves, which
were controlled by a microcomputer through an electronic interface card. The software, written in Quick BASIC 4.5, was designed
with abilities to accomplish all steps of the titration procedure including data acquisition and real-time processing to decide about
the course of titration in the following step and so forth, until the titration endpoint was reached. The usefulness of the proposed
titration system was demonstrated by analyzing red wine samples. When results were compared with those obtained using the
AOAC reference method, no signiﬁcant diﬀerence was observed at the 95% conﬁdence level. A relative standard deviation of ca
2% (n = 9) was obtained when processing a typical red wine sample containing 7.3 gl
−1 total acidity expressed as tartaric acid.
Copyright © 2006 A. J. C. Garcia and B. F. Reis.ThisisanopenaccessarticledistributedundertheCreativeCommonsAttribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.
1. INTRODUCTION
In general, the acids present in wines are formed during
the fermentation process and tartaric acid is the major con-
stituent [1].Totalacidity is relatedto themainenological pa-
rameters as reported by several authors [2–5]; nevertheless,
volatile acidity is also a parameter used to evaluate wine and
acetic acid is considered its main component [6, 7]. Studies
involving speciation model [8], astringency properties [9],
andvineyardirrigation [10]havebeenelectedasrelevantpa-
rameters for total wine acidy. In this sense, the availability of
a reliable procedure for acidity determination is mandatory.
Acid-base titration is a widely used methodology for total
aciditydeterminationinwine,usinganexternalindicatorso-
lution [11–13], although procedures based on voltammetry
and conductometry have also been proposed [14, 15].
Automated titration has greatly evolved by employing
ﬂow injection analysis process to handle solutions and detec-
tion by spectrophotometry [16–19] .T h es t r a t e g i e sa d o p t e d
allowed titration endpoint detection; nevertheless, acidity
quantiﬁcation was dependent on an analytical curve, which
was derived from measurements obtained by processing a set
of standard solutions. This condition was not required when
using the multicommuted process in the ﬂow system [20–
22], thus allowing true titration to be implemented for the
ﬁrst time [23, 24], which was done by exploiting a binary
search strategy. Using the means provided by binary search
strategy, a procedure was developed to determine acidity
in silage material, with the ability to compensate the eﬀect
caused by sample color [25]. The binary sampling strategy
was also employed to implement true titration procedures
using potentiometry as a detection technique [26]. The ease
aﬀorded by the multicommutation process to handle solu-
tions allowed ionic strength to be maintained in the bulk
sample, since this condition is a mandatory requirement in
potentiometric titration [24]. Honorato et al. developed an
automatic spectrophotometric titration procedure employ-
ing the ﬂow-batch approach [13]. The strategy to ﬁnd the
titration endpoint was based on Fibonacci’s method, which
was implemented by means of multicommutation process.2 Journal of Automated Methods and Management in Chemistry
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Figure 1: Electronic diagram of the photometer.T 1= transistor (BC547); LED = light emitting diode, λ = 545nm; Ct = titration chamber;
Ft = phototransistor Til78; OA1 and OA2 = operational ampliﬁer (OP07); D1 and D2 = Zenner diode, 4.7V; S0 = output signal; C1,C 2,C 3,
C4 = tantalum capacitors, 2μF. The power supply used to feel this circuit provided stabilized diﬀerence of potential (+12V, −12V) and low
level of noise ∼ = 3mV.
The procedure allowed the quantifying of the sample acidity
without using an analytical curve. The feasibility of the pro-
cedure was demonstrated by carrying out total acidity deter-
mination in white wine.
Red wines absorb electromagnetic radiation in a wide
range of the visible spectrum. Therefore, this feature can
make titration endpoint detection diﬃcult when an external
indicator such as phenolphthalein is used in photometric de-
tection. Aiming to overcome this drawback, in this work we
intend to design an integrated setup comprising the titration
module and the electronic device for photometric detection,
which will be employed to develop an automatic procedure
for total acidity determination in red wine. The integrated
setup will be designed to implement the titration procedure
based on the ﬂow-batch approach [13]. The control software
willbedevelopedwithabilitiestorecognizethetitrationend-
point using phenolphthalein as external indicator. Attention
will be paid to construct a small-sized equipment without
sacriﬁcing the overall performance of the analytical proce-
dure.
2. EXPERIMENTAL
2.1. Solutions
Fresh deionized water boiled for 15min to remove carbon
dioxide was used as carrier ﬂuid and to prepare titration
solutions. Titration solutions at concentrations of 0.05 and
0.10 mol−1OH− were prepared by dilution with water from
a1 0m o l −1NaOH− stock solution. A standardized 0.0092
mol−1OH− solution was prepared by taking a portion of
the supernatant NaOH stock solution that was diluted with
water and standardized using a potassium biphthalate solu-
tion. This solution was prepared before use and stored in a
polyethylene bottle. A 0.01% (w/v) phenolphthalein solution
was prepared daily by diluting with ethanol from a 1% (w/v)
stock solution prepared in ethanol medium.
Red wine samples were purchased from the local mar-
ket. Before analysis, 50mL aliquots were transferred to the
working bottles and an argon stream was bubbled for 20min
in order to remove dissolved carbon dioxide. These samples
were also processed employing the AOAC reference method
[12].AftertheCO2 removalstep,solutionsandwinesamples
c o u l db eu s e df o rap e r i o do ff o u rh o u r s .
2.2. Apparatus
The equipment setup comprised a microcomputer furnished
with an electronic interface card PCL711S (American Ad-
vantech Corp.); an IPC8 Ismatec peristaltic pump equipped
with Viton pumping tubes; four three-way solenoid valves
(Nresearch, 161T031); an automatic injector [27]; a regu-
lated 12V power supply to feed the solenoid valves, mix-
ing device, and solid state relay; and ﬂow line of Teﬂon tub-
ing 0.8mm inner diameter. The electronic interface control
to drive the injector and solenoid valves based on the inte-
grated circuit ULN2803 was similar to that employed in ear-
lier works [28, 29]. The homemade photometer tailored to
implement the titration procedure is described below.
2.3. Thephotometer
The titration procedure used phenolphthalein as an external
indicator, thus a green LED with maximum emission inten-
sity at 545nm was employed as light source and a photo-
transistor (Til78) was used as detector. The electronic cir-
cuitry required for signal generation and its ampliﬁcation
is shown in Figure 1. The ﬁrst operational ampliﬁer (OA1)
andthephototransistor(Ft)comprisedthesignal-generating
network, which converted light coming from the LED into
electric potential diﬀerence. The second operational ampli-
ﬁer (OA2) was conﬁgured to provide ﬁve-fold signal ampliﬁ-
cation and to allow base line adjustment.A. J. C. Garcia and B. F. Reis 3
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Figure 2: Pictorial view of the titration chamber. The hatched sur-
face represents a longitudinal cut view of the titration chamber.
Mt = motor; h = Teﬂon mixing stem, 30mm long and 4mm di-
ameter; Isi, Si, and Tsi = input for external indicator solution, sam-
ple, and titrant solution, respectively; Gs = glass cylinder, 30mm
long and 3.0mm diameter, I0 and I = radiation beams coming from
the radiation source (LED) and after crossingthe titration chamber,
respectively; Fo = hole for solution draining.
2.4. Titrationchamber
The titration chamber, with a cylindrical geometry, was ma-
chined in a Teﬂon block, which comprised a cylindrical hole
perforated at the longitudinal axis of the Teﬂon block with
10mm inner diameter and 40mm height, totaling an inner
volume of 3.14mL. A pictorial representation of the titration
chamber is shown in Figure 2. The titration chamber was de-
signedtoallowdirectsignalmeasurement;consequently,and
to attain this requirement two glass cylinders (Gs) were in-
stalled to work as a waveguide. To avoid ﬂuid leakage, the
glass cylinders were embedded using a rubber gasket. The
ﬁrst glass cylinder transmits the radiation beam (I0) coming
from a light source through the titration chamber wall, while
the second collects the light beam (I) after crossing the solu-
tion into the titration chamber and sends it towards a photo-
detector. To obtain an eﬀective mixing condition a small di-
rect current motor (Mt) was installed on top of the titration
chamberthatwasattachedwithascrewtothecap,whichwas
controlled by the microcomputer through the control inter-
face [20].
A cylindrical Teﬂon piece (30mm length, 4mm diame-
ter) with a ﬂat tip was attached to the motor axis. Its length
was adjusted to maintain the ﬂat tip 3mm above the light
beam.
The roller counter output available from the IPC-8 Is-
matec peristaltic pump was attached to the A1 analog input
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Figure 3: Flow diagram of the titration system. The three rectan-
gular surfaces are an overview of the automatic injector, shadow
surface indicates the alternative position of the sliding bar (cen-
tral part); Cs = carrier ﬂuid (water) ﬂow rate at 30.0μLs−1;T=
titrant solution (NaOH), ﬂow rate at 10.4μLs−1;I n= indicator so-
lution (phenolphthalein), ﬂow rate at 10μLs−1;S= sample (red
wine), ﬂow rate at 10μLs−1;W= waste, ﬂow rate at 64μLs−1;P p
= peristaltic pump; V1,V 2, ...,V 5 = three-way solenoid valves;
L = sampling loop, 16.0μL inner volume; Gs = glass cylinder;
LED = light emitting diode, λ = 545nm; DET = phototransistor
(Til78); Tch = titration chamber, h = mixing stem. Solid lines and
dashed lines in the valves symbols indicate the ﬂuid pathway when
valves are switched OFF or ON, respectively. Arrows indicate the
pumping direction.
of the PCL711S interface card by means of a shielded cable.
This attachment was designed to allow time synchronization
between pumping pulsation and the valve switching step to
insert the titrant solution into the titration chamber.
2.5. Thetitrationsystem
The ﬂow diagram of the titration system is depicted in
Figure 3. In this conﬁguration, all valves are switched OFF,
thus carrier ﬂuid (Cs), titration solution (T), and indica-
tor solution (In) are pumped back to their storage vessels
RCs, RTi,R In, respectively, while the sample stream (S) was
stopped.Thedisplacementoftheinjectorslidingbar(central
part) from the sampling position to the insertion position
and vice versa was performed by means of two solenoids at-
tached to the central sliding bar [27], which were not shown
to simplify the diagram. Injector displacement was con-
trolledbythemicrocomputersendingelectricpulsesthrough
the control interface.
When the software was run, the microcomputer main-
tained valves V1,V 2,V 3,a n dV 4 switched ON during a time
interval of 30s in order to ﬁll the ﬂow lines with the respec-
tive solutions. Next, valve V5 was switched ON for a time in-
terval of 45s to empty the titration chamber (Tch), which
was then washed with carrier solution (Cs) and emptied4 Journal of Automated Methods and Management in Chemistry
Table 1: Steps to collect reference signal without using the day indicator.
Step V1 V2 V3 V4 V5 Isp† Iip Motor Time (s)
Injector displacing to OFF OFF OFF OFF OFF ON OFF OFF 1
sampling position (St0)
Loop loading (St1) ON OFF OFF OFF OFF OFF OFF OFF 20
Injector displacing to OFF OFF OFF OFF OFF OFF ON OFF 1
inserting position (St2)
Sample inserting (St3) OFF ON OFF OFF OFF OFF OFF OFF 20
Titrant solution OFF OFF ON OFF OFF OFF OFF OFF 10
adding (St4)∗
Mixing solutions (St5)∗ OFF OFF OFF OFF OFF OFF OFF ON 5
Signal reading (St6)∗ OFF OFF OFF OFF OFF OFF OFF OFF 5
Compare titrand OFF OFF OFF OFF OFF OFF OFF OFF —
volume (St7)∗
Chamber emptying (St8) OFF OFF OFF OFF ON OFF OFF OFF 20
Chamber washing (St9) OFF ON OFF OFF OFF OFF OFF OFF 35
Chamber emptying (St10) OFF OFF OFF OFF ON OFF OFF OFF 20
†Isp and Iip injector sliding bar in sampling and insertion positions, respectively.
∗Steps repeated up to attain the preset volume of the titrant solution.
again. This step was accomplished by sequentially switching
valves V2 and V5 during a time interval of 20s.
Photometer calibration was performed prior to begin-
ning the titration run, comprising the following steps: a
600μL aliquot of the carrier solution (Cs) was injected into
the titration chamber (Tch) by switching valve V2 for a time
interval of 20s. By maintaining the LED (Figure 1) switched
OFF, the reading in the absence of light was adjusted to
50mV (OA2 output) through the variable resistor (20kΩ)
wired to the noninverting input of the operational ampliﬁer.
Next,theLEDemissionintensitywasincreaseduntiltheout-
put measurement reached 1800mV. This step was done by
turning forward the variable resistor attached to the base of
the transistor (T1). After the photometer was calibrated, the
chamber was emptied by switching ON the V5 valve.
After running for a period of four hours, the calibration
step could be carried out again. It was observed that at con-
stant temperature, the dark measurement (50mV) and cali-
bration signal (1800mV) presented no signiﬁcant variations.
After the photometer was calibrated, the microcomputer
carried out the titration run by performing the sequence of
events summarized in Table 1. The sliding bar of the injec-
tor (Figure 3) was switched to the loop loading position (St1)
to ﬁll the sampling loop (L) with a wine aliquot. Then, the
sliding bar was switched to the insertion position (shaded
surface). As indicated in Figure 3, in this position the sam-
pling loop (L) was placed in the pathway of the carrier ﬂuid
(Cs). Valve V2 w a ss w i t c h e dO Nf o r2 0 s( s t e pS t 3)i no r -
der to displace the sample aliquot from the sampling loop
(L) to the titration chamber (Tch); therefore, adding 600μL
of carrier ﬂuid. Next, the titrant solution addition step (St4)
w a sc a r r i e do u tb ys w i t c h i n gv a l v eV 3. After the solution was
homogenized (step St5), the signal generated was read (step
St6) by the microcomputer through the analog input (A0)
of the PCL711s interface card. The measurement was saved
as an ASCII ﬁle to allow further treatment. The compari-
son step (St7) veriﬁes if the titration solution volume (T)
injected into the titration chamber reached a preset value
(1000μL). Steps St4,S t 5,S t 6,a n dS t 7 were repeated until this
condition was attained. Afterwards, the titration chamber
was drained and cleaned by performing steps St8,S t 9,a n d
St10.
The titration run described above was carried out with-
out adding the indicator solution to the titration chamber.
Under this condition, the signal detected was due to red
wine absorption. As indicated in the previous paragraph,
the photometer was adjusted to generate an output sig-
nal (S0) of 1800mV with the titration chamber ﬁlled with
water. Under this condition, the phototransistor received
the maximum light intensity. In this sense, when a wine
sample was processed, the output signal (WineSignal) was
lower than 1800mV, and the analytical signal (AnSignal)
was the diﬀerence between these measurements (AnSignal
= 1800-WineSignal). After the titration run described above
was completed, the software selected the measurement with
the highest value, which was adopted as a reference sig-
nal (RefSignal = AnSignalmax). This reference signal was
used to decide when the titration runs should be ﬁnished,
which were implemented using an endpoint indicator solu-
tion (phenolphthalein) following the sequence depicted in
Table 2.
The related steps from St0 to St7 in Table 2 were per-
formed as described for identical steps in Table 1. In the St8
step the highest signal (AnSignal) achieved in step St7 was
compared against the reference measurement (RefSignal) se-
lected, as described in the last paragraph. The comparison
between AnSignal and RefSignal was performed to make a
decision with regard to the next step of the titration run,A. J. C. Garcia and B. F. Reis 5
Table 2: Steps followed to perform a titration run.
Step V1 V2 V3 V4 V5 Isp† Iip Motor Time (s)
Injector displacing OFF OFF OFF OFF OFF ON OFF OFF 1
to sampling position (St0)
Sampling loop ON OFF OFF OFF OFF OFF OFF OFF 20
loading (St1)
Injector displacing to OFF OFF OFF OFF OFF OFF ON OFF 1
inserting position (St2)
Sample inserting (St3) OFF ON OFF OFF OFF OFF OFF OFF 20
Pumping OFF OFF OFF OFF OFF OFF OFF OFF —
synchronization (St4)
Titrant solution OFF OFF ON OFF OFF OFF OFF OFF 1T0
adding (St5)
Mixing solutions (St6)∗ OFF OFF OFF OFF OFF OFF OFF ON 5
Signal reading (St7) ∗ OFF OFF OFF OFF OFF OFF OFF OFF 10
Signal comparison (St8)∗ OFF OFF OFF OFF OFF OFF OFF OFF —
Pumping OFF OFF OFF OFF OFF OFF OFF OFF —
synchronization (St9)∗
Titrant solution OFF OFF ON OFF OFF OFF OFF OFF 2Ti
increment (St10)∗
Compare titrant OFF OFF OFF OFF OFF OFF OFF OFF —
volume (St11)∗
Chamber emptying OFF OFF OFF OFF OFF OFF OFF ON 30
(St12)∗∗
Chamber washing OFF OFF OFF OFF OFF OFF OFF OFF 45
(St13)∗∗
Solutions mixing OFF OFF OFF OFF OFF OFF OFF ON 5
(St14)∗∗
Chamber emptying OFF OFF OFF OFF ON OFF OFF OFF 30
(St15)
†Isp and Iip injector sliding bar in sampling and insertion positions, respectively.
∗Steps repeated up to the end of the titration.
∗∗Steps repeated two times to wash the titration chamber.
1The time interval to insert the ﬁrst aliquot of titrant solution ﬁxed at 10.0s;
2Time interval to maintain valve V3 switched ON, which was deﬁned by software as described by the equations from (1) to (4).
which was done considering the following condition:
if AnSignal < 0.2RefSignal,then Ti = T0;( 1 )
if AnSignal ≥ 0.2RefSignal and AnSignal
< 0.4RefSignal,then Ti = 0.5T0;
if AnSignal ≥ 0.4RefSignal and AnSignal
< 0.8RefSignal,then Ti = 0.2T0;
if AnSignal ≥ 0.8RefSignal and AnSignal
< RefSignal, then Ti = 0.1T0;
(2)
if AnSignal ≥ RefSignal and AnSignal
≤ (RefSignal+ExtRef),then Ti = 0.05T0;
(3)
if AnSignal > (RefSignal+ExtRef),then the titration ends.
(4)
The ExtRef was an external value (mV) supplied when
the software was started. This parameter was used to decide
when the titration run should be stopped, considering the
following condition: if AnSignal > (RefSignal + Vext), then
the titration run should be ﬁnished. The measurement dif-
ference corresponded to the increase was caused by the ex-
ternal indicator. This eﬀect occurred when the medium be-
came alkaline. Until this condition would not be reached, the
time interval (Ti)a f t e rw h i c hv a l v eV 3 should be switched
ON was deﬁned according to the equations depicted above.
Then, steps St9,S t 10,S t 11,S t 6,S t 7,a n dS t 8 (Table 2)w e r e
carried out again, and this sequence was maintained. The
external reference (ExtRef) was an experimental variable
that was deﬁned after some assays were carried out us-
ing a red wine sample. When the comparison carried out
in step St11 indicated that the titrant solution volume in-
jected into the titration chamber was higher than the pre-
set volume (1000μL), the titration run was stopped. In this
case, the software issued a message indicating that the limit-
ing condition was surpassed without achieving the titration
endpoint.6 Journal of Automated Methods and Management in Chemistry
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Figure 4: Absorption spectra of a red wine sample. Sample aliquots
were diluted forty times with water and pH adjusted with sodium
hydroxide solution.
The volume of the titrant solution injected into the titra-
tion chamber was controlled by the time interval elapsed
while valve V3 (Figure 3) was maintained switched ON. It
is known that the pumping pulsation pattern could unfa-
vorably aﬀect the precision of the solution volume delivered
[20–24]. Consequently, in order to overcome this eﬀect, syn-
chronization steps (St4,S t 9)werecarriedoutpriortoswitch-
ing valve (V3) ON, which was used to deliver the titrant solu-
tion. This task was implemented using the hardware scheme
mounted by connecting the roller counter of the peristaltic
pump to the analog input (A1) of the PCL711S interface
card. Prior to switching valve V3 ON, the software execu-
tion was halted until an electric pulse coming from the peri-
staltic pump roller counter was detected by the microcom-
puter through the PCL711S interface card. Under this con-
dition, it was assured that the valve was switched ON always
at the same position of the pump roller. After the titration
run ended, steps from St12 to St15 were carried out in order
to clean the titration chamber.
Assays to ﬁnd the best operational condition were car-
ried out using titration solutions with concentrations of 0.1,
0.05, and 0.001 mol−1OH− and processing a red wine sam-
ple. After the proper operational condition was deﬁned, a set
ofredwinesampleswasanalyzedusingastandardized0.0092
mol−1 sodium hydroxide solution. In order to evaluate accu-
racy, the samples were also analyzed by the AOAC reference
method [12].
3. RESULTS AND DISCUSSION
TherecordsdisplayedinFigure 4revealthatredwineshowed
signiﬁcant absorption of electromagnetic radiation in the
range between 350 and 700nm, which increased with pH of
the medium. This eﬀect was probably due to the red wines,
because the assays were carried out using diﬀerent wine sam-
ples with similar proﬁles. This eﬀect could become a draw-
back that must be overcome if a photometric titration pro-
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Figure 5: Record proﬁles of the titration runs.R e c o r da was ob-
tained without adding the external indicator solution to the titra-
tion chamber; other records represent titration carried out using
phenolphthalein solution as indicator. Volumes (μL) of the titrant
solution consumed per titration: 136.45 (b), 133.94 (c), 133.94 (d),
134.47 (e), and 134.47 (f). Average volume V = (134.65 ±1.04)μL.
cedure using phenolphthalein as an external indicator is to
be used. In this sense, a strategy associating instrumentation
and software was established to carry out the photometric
titration procedure.
The ﬁrst record shown in Figure 5 was obtained by pro-
cessing an aliquot (16.0μL) of a red wine sample without
adding phenolphthalein into the titration chamber. The sig-
nal achieved when the ﬁrst aliquot of the titrant solution was
inserted into the titration chamber was around 250mV. The
signalincreasedupto800mVwhenthevolumeofthetitrant
solution added to the titration chamber was 312μL. The sig-
nal reduction observed while the volume of titrant solution
was increased until it became higher than the preset max-
imum volume (1000μL) could be attributed to the sample
dilution in the titration chamber. The titrant solution was
added step by step, maintaining the aliquot volume at 104μL
(See Table 1,S t 5). This volume was deﬁned after previous as-
says, which were performed using diﬀerent red wines and
a 0.001 mol−1 hydroxide solution. Maintaining the volume
of the titrant solution aliquot at 20.8μLa n db a s e do nr e -
sults obtained, it was shown that the maximum signal oc-
curred when the titrant solution volume was within the 288
to 354μL range. In this sense, the aliquot volume was ﬁxed
at 104μL in order to speed up the ﬁrst run, and its usefulness
was demonstrated in additional assays.
Other records showed in Figure 5 were obtained by pro-
cessing the titration following the conditions indicated in the
experimental section (equations (1)t o( 3)). In accordance
with the outlined titration strategy, the maximum value of
measurements in the ﬁrst record was selected as a reference
measurement, that is, ca 800mV (RefSignal = 800mV). The
external reference (4) was ﬁxed at 100mV, so the titration
could be stopped when the signal generated by the photome-
ter was higher than 900mV. Taking this condition into ac-
count, the software performed the titrations represented by
records labeled as b, c, d, e,a n df. The records present dif-
ferent proﬁles, nevertheless the end of titration converged toA. J. C. Garcia and B. F. Reis 7
Table 3: Results comparison using the AOAC reference method.
Results are presented as tartaric acid. Results are average of 5 con-
secutive titration runs carried out using a 0.0092mol−1 sodium hy-
droxide solution. Applying the t test it was found as experimental
value t(95%) = 2.125; theoretical value t(95%) = 2.201.
Sample Proposed procedure Reference method
(g l−1)( g l −1)
1 6.39 ±0.01 6.56 ±0.24
2 5.70 ±0.20 5.50 ±0.20
3 6.50 ±0.20 6.40 ±0.20
4 8.50 ±0.20 8.22 ±0.09
5 8.11 ±0.15 7.98 ±0.09
6 7.08 ±0.12 6.95 ±0.05
7 7.11 ±0.11 6.74 ±0.12
8 6.04 ±0.10 5.79 ±0.07
9 6.48 ±0.10 6.34 ±0.04
10 6.15 ±0.03 5.84 ±0.04
11 6.10 ±0.20 6.46 ±0.07
12 5.95 ±0.14 5.82 ±0.08
Table 4: Analytical performance comparison.
Parameters Proposed procedure Reference [13]
Wine color Red White
Concentration range 5.70–8.50 5.22–7.18
(g l−1)
Relative standard 2% 0.7
deviation (%)
Sample consumption per 16 600
determination (μL)
Throughput (h−1) 22 20
the same volume of the titrant solution. By processing the re-
sults we obtained an average volume V = (134.65 ±1.04)μL
sodium hydroxide solution, therefore, indicating that the
control software was able to choose the proper course to im-
plement the titration run. The external reference was ﬁxed
at 100mV considering the precision of the titration solution
volume, which was obtained by processing a red wine sam-
pleusing50,100,150,250,and350mVasexternalreferences
(4). In the selected case (Figure 5), the relative standard de-
viation was less than 1%.
Once the best operational condition was found, a set
of red wine samples was analyzed in order to demonstrate
the usefulness of the system, yielding the results showed in
Table 3. In order to evaluate accuracy, samples were also ana-
lyzed employing the AOAC reference method [12]. By apply-
ing the paired t test, no signiﬁcant diﬀerence was observed at
the 95% conﬁdence level.
From the records in Figure 5 we can deduce that a time
intervalof22minwaselapsedwhile5titrationrunswerecar-
ried out, therefore a titration throughput of 14 wine samples
per hour could be expected. Nevertheless, this value could
vary depending on titrant solution concentration and wine
sample acidity.
Table 4 shows the overall performance of the proposed
system. It can be seen that it is similar to that observed in
theliterature[13],whichwasappliedforspectrophotometric
titration of white wine samples.
4. CONCLUSION
The diﬃculty in detecting the photometric titration end-
point in red wine was overcome in the present work by
combining instrumentation, software, and a suitable work-
ing strategy. This feature could be considered an advantage
as compared to the photometric titration implemented us-
ing a titration strategy based on Fibonacci’s method, which
has been applied for white wine only [13].
The software ability to identify when the titration end-
point was approaching, in order to reduce the volume of
titrant solution added to the titration chamber, contributed
to improve the precision of the results. In this sense, we can
conclude that the proper combination between instrumen-
tation and control software is a powerful tool to implement
eﬀective analytical strategies.
Although the photometer detector was assembled using
low-cost electronic components as well as very simple hard-
ware, the performance was very good. After performing the
recommended calibration, which was carried out when the
photometer was switched ON, and working continuously for
several hours, no signiﬁcant variation in signal response was
observed.
The system can be employed without any hardware or
software modiﬁcation for photometric titrations of other
types of samples showing complex matrices.
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